
Introduction

Publications in the late 1970s and early 1980s reported
favorable results with use of telescoping nail or sliding
screw devices for intertrochanteric fractures. It was thought
that these sliding devices allowed physiological compres-
sion at the fracture site and minimized the possibility of nail
penetration or cut-out [1–4]. Recent publications indicate
concern with excessive sliding of these fixation devices
when used in unstable intertrochanteric fractures, especially
in osteopenic individuals. The excessive sliding can result in
unacceptable shortening and external rotation deformity of
the limb with poor function [1, 5–9].

The forces required to initiate sliding of all of the second-
generation nails are significantly higher than those required for
sliding of the compression hip screw and the intramedullary
hip screw (IMHS, Smith and Nephew, Orthopaedic Division,
Memphis, TN, USA). The IMHS was introduced with design
features in an attempt to overcome some of the problems
encountered with the sliding properties of the second-genera-
tion intramedullary nails, by combining the features of a slid-
ing compression screw and an intramedullary nail [10–15].

In our experience with the use of this synthesis device in
unstable intertrochanteric hip fractures, we have observed
excessive sliding and collapse of the fracture in some patients.
We report the results of a prospective study utilizing a modified
IMHS for the treatment of unstable intertrochanteric fractures.
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Abstract The treatment of unstable
intertrochanteric fractures in elderly
osteopenic patients, especially those
who cannot follow limited weight
bearing instructions, is controver-
sial. Recent publications indicate
concern with excessive sliding of
telescoping nail or sliding screw
devices when used in these unstable
intertrochanteric fractures. In our
experience with the use of
intramedullary hip screw (IMHS) in
these fracture patterns, we have
observed excessive sliding and col-
lapse of the fracture in some
patients. We modified the keyed
centering sleeve by threading its
internal distal third and substituted
the compression screw with a cus-
tom bolt to obtain restricted sliding

or rigid fixation depending on the
gap between the lag screw and cus-
tom bolt. We used this modified
system in static configuration to
treat five patients who had an unsta-
ble intertrochanteric fracture of the
femur. The length of the involved
limb measured at the time of con-
solidation showed no shortening. In
view of these results,
intertrochanteric hip fractures that
are unstable in patients with poor
bone-stock can be fixed using the
modified IMHS in a static or con-
trolled sliding configuration.
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Materials and methods

Between January 1995 and December 1999, we treated 152
patients for intertrochanteric fracture using the standard IMHS.
Clinical records and radiographs that had been made at the time of
the injury, immediately postoperatively, and at the 6-month follow-
up were reviewed, and 49 patients with unstable intertrochanteric
fracture pattern (type III or IV according to the Kyle et al.’s classi-
fication system [16]) were identified. The length of the unengaged
part of the screw was recorded on every radiograph. By subtract-
ing the value measured  on the postoperative radiograph from that
measured on the most recent radiograph, it was possible to derive
the amount of sliding of the screw. Of the 49 lag screws in patients
with unstable intertrochanteric fractures, 11 (22%) lag screws slid
more than 15 mm (range, 15–24 mm). Clinical notes of the 11
patients with eccessive sliding documented in 7 (14%) patients
poor functional outcomes (severe limp, pain on ambulation and
marked limb length discrepancy). In view of these results we mod-
ified the IMHS for treatment of the unstable fractures.

The standard intramedullary hip screw consists of a 21-cm
long intramedullary rod and a standard telescoping screw. The can-
nulated intramedullary nail is available with 130° and 135° hip
screw angles and four shaft diameters (10, 12, 14, and 16 mm).
There is a 4° mediolateral bend proximally to allow insertion
through the greater trochanter. It can be locked distally with one or
two 4.5-mm locking screws. 

The IMHS has a sliding screw and sleeve geometry that is sim-
ilar to the screw and barrel of a sliding hip screw. A keyed center-
ing sleeve, which is held by a set screw, passes through the
intramedullary nail and over the lag-screw. The keyed centering
sleeve helps to prevent rotation while allowing the lag screw to
slide freely. A compression screw is inserted into the lag screw to
retract it into the keyed centering sleeve to achieve impaction of
the fracture. When in contact with the sleeve, the compression
screw may exert a powerful traction on the lag screw.

We thus modified the keyed centering sleeve by threading its
internal distal third and substituted the compression screw with a
custom bolt (Fig. 1). With the custom bolt in place, the sliding of
the lag screw was restricted. The sliding could be either partially (5
mm) or fully restricted, depending on the gap between the lag
screw and custom bolt.

We used this modified system in the fully restricted position to
treat five patients (2 men and 3 women) who had an
intertrochanteric fracture of the femur between 1 January and 31
March 2000. The criteria for inclusion were an age of at least 65
years, a non-pathological acute intertrochanteric fracture of the
femur, no history of a fracture or operation involving either hips,
no history of a fracture of the lower limbs during the year before
the procedure, and an unstable fracture pattern (type IV according
to Kyle et al. [16]) (Fig. 2).

The average patient age was 69 years (range, 65–78 years).
The cause of injury was a low energy fall in each patient. The left
side was involved in four cases and the right side in one. The
patients were classified into one of five classes, on the basis of the
medical history, according to the American Society of
Anesthesiologists [17]: there was one patient in Class I (no associ-
ated pathological condition) and 4 patients in Class II (mild non-
progressive associated pathological conditions such as a cholecys-
tectomy). Pre-injury walking ability was estimated with the mobil-
ity score of Parker and Palmer [18], which includes three items:
one reflecting the ability to walk indoors and two reflecting the
ability to walk outdoors (Table 1).Fig. 1 The modified keyed centering sleeve with the custom bolt

Fig. 2 Patient 1: unstable intertrochanteric fracture
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All patients received antibiotic prophylaxis with intra-
venous administration of cephamandole (2 g preoperatively and
1 g every 8 h for 3 days postoperatively). Prophylactic low-mol-
ecular-weight heparin (4000 anti-factor Xa units of sodium
enoxaparin) was administered once daily for 20 days from
admission. 

The type of anesthesia (spinal) was similar in all patients.
Closed reduction of the fracture, with use of an image intensifier,
was performed in all patients. The mean operative time was 48
minutes (range, 35–60 min). Distal locking with a single locking
screw was performed in all patients.

Patients were permitted to get out of bed and sit in a chair on
the second postoperative day and were allowed to bear full weight

by the fourth postoperative day.
The patients were evaluated at one, two, three, six and twelve

months postoperatively. Functional outcomes (using the mobility
score of Parker and Palmer [18]) were analyzed by comparing the
maximal level of function each patient achieved post-recovery with
his or her preoperative level.

Plain radiographs were made at each follow-up examination
(Figg. 3, 4). Any change in the position of the lag screw and
custom bolt was noted, as were union of the fracture and short-
ening of the femur. 

The bone mineral density (BMD) in specific regions of the prox-
imal femur was measured on the uninjuried side for each patient, with
a Lunar DPX Plus osteodensitometer (Lunar, Madison, WI, USA).

Table 1 Mobility scoring system of Parker and Palmer [18]. The maximum possible score is 9 points

Mobility No difficulty With an aid With help from another person Not at all

Get about the house 3 2 1 0
Get out of the house 3 2 1 0
Go shopping 3 2 1 0

Fig. 3 Patient 1: anteroposterior view at the 1-year follow-up Fig. 4 Patient 1: lateral view at the 1-year follow-up
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Results

We treated 5 patients with unstable intertrochanteric frac-
tures with the modified IMHS device and assessed their func-
tional outcomes for up to 1 year after operation (Table 2). The
mean preoperative mobility score was 8.4 out of a possible
maximum score of 9.0. At one year, the mean mobility score
was 7.8. Three patients were able to walk without any sup-
port, and two patients used one crutch.

The length of the involved limb measured at the time of
consolidation showed no shortening. No lag screw cut-out was
observed and there were no late fractures of the femoral shaft.

The regional hip BMD measurements (Table 3) were
below normal in three patients as compared to normal pop-
ulation (Italian Male and Female, aged 20–40 years). In the
other two patients, the values were within normal range.

Discussion

The treatment of unstable intertrochanteric fractures in
elderly osteopenic patients, especially those who cannot fol-
low limited weight bearing instructions, is still controver-
sial, despite the publication of reports of randomized trials
and comparative studies [10, 11, 13, 20, 21, 22]. Bogoch et
al. [23] reported that the incidence of secondary displace-
ment or failure of fixation or both was particularly high
(24%) in patients with rheumatoid arthritis (RA).
Contributing factors are probably the abnormalities reported

in femoral head cancellous bone of patients suffering from
RA: osteopenia (diminished bone volume), diminished tra-
becular diameter, and overall diminution in the content of
hydroxyapatite per volume of bone.

This observation has led to the design of several types of
devices for internal fixation. No single implant, however,
has been universally accepted for the operative treatment of
these fractures, and new fixation devices continue to be
introduced periodically [21]. Baixauli et al. [5] have recent-
ly introduced a rigid blade plate to prevent fracture collapse
and secondary displacement. 

Meanwhile, various alternative strategies have evolved
to manage fracture site instability in osteopenic individuals,
including supplementing internal fixation with bone cement.
New high-strength cements that are susceptible to remodel-
ing and replacement by host bone for fracture fixation may
lead to improved clinical outcome in the treatment of these
fractures [6]. To allow immediate postoperative full weight
bearing, some surgeons have alternatively recommended
prosthetic replacements [1, 6–9]. 

The dynamic devices, popularized as a sliding
screw/side-plate, sliding nail, telescoping nail, dynamic hip
screw, and sliding hip screw, are currently in wide use as
reliable methods of internal fixation. Biomechanical studies
have demonstrated the superior load-bearing capacity of the
dynamic devices when subjected to static or dynamic load-
ing [12, 15, 22, 24].

Successful fixation of a femoral fracture with a sliding
device depends on the ability of the device to slide. Sliding
is influenced by the bending moment on the screw and the

Table 2 Preoperative and 1-year follow-up data for 5 patients treated for unstable trochanteric fractures with the modified intramedullary
hip screw (IMHS)

Patient 1 2 3 4 5

Age, years 67 65 68 70 78
Gender Male Male Female Female Female
Fracture side Left Left Left Left Right
ASA class II I II II II
Mobility score

Preoperative 9 9 9 8 7
1-year follow-up 9 9 9 7 5

Table 3 BMD measurements for the contralateral femur, reported in g/cm2

Patient Neck Ward Trochanter Total

1 0.626 0.413 0.565 0.638
2 0.842 0.630 0.801 0.900
3 0.561 0.439 0.491 0.626
4 0.732 0.579 0.575 0.730
5 0.592 0.487 0.563 0.662
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distance over which the screw is engaged in an intra-
medullary device or in a compression hip screw [14].

In a recent study, Loch et al. [25] investigated the forces
required to initiate sliding of the proximal screw in the barrels
of second-generation intramedullary nails under physiologi-
cal loading conditions as compared to those required for slid-
ing compression hip screws and intramedullary hip screws.
The forces required to initiate sliding of all of the second-gen-
eration nails were significantly higher than those required for
sliding of the compression hip screws. The sliding character-
istics of the intramedullary hip screw were similar to those for
the compression hip screws. The authors suggested that the
IMHS and hip screw devices slide better than the screws of
the other intramedullary devices because of the longer barrel.

Use of an intramedullary hip screw in an unstable
intertrochanteric femur fracture usually achieves a satisfac-
tory fracture site reduction initially. However, the fracture
may collapse into varus during full weight bearing, espe-
cially in osteopenic individuals. When long-term instability
is a potential problem, the patient must adhere to a pro-
longed postoperative regimen of limited weight bearing
until union of the fracture is achieved.

Elderly patients often are unable to comply with partial
weight bearing, or if allowed full weight bearing, they tend

to voluntarily limit loading of the injured limb. To allow
immediate postoperative full weight bearing and to avoid
the excessive collapse at the fracture site, we modified the
intramedullary hip screw to a configuration similar to a
keyed interlocking nonsliding (static) device.

Given the few intraoperative and post-operative compli-
cations and a comparable functional recovery in this small
series, we believe that the use of a modified intramedullary
hip screw to restrict the sliding ability has reasonable advan-
tages for treating unstable intertrochanteric fractures. The
patient can bear full weight immediately after surgery with-
out a risk of excessive collapse which can compromise func-
tional outcomes. We retain that the modified keyed center-
ing sleeve does not affect the rate of femoral head cut-out of
the screw. In fact, failure fixation by cut-out is dependent by
type of reduction and placement of the cephalic screw, while
there is no correlation between cut-out and sex, age, osteo-
porosis and fracture pattern [26].

In view of these results, intertrochanteric hip fractures
that are unstable in patients with poor bone-stock can be
fixed using the modified keyed centering sleeve in a static or
controlled sliding configuration. This treatment appears to
give comparable or better clinical results compared to the
results with a standard sliding device.

1. Chan KC, Gill GS (2000) Cemented
hemiarthroplasties for elderly patients
with intertrochanteric fractures. Clin
Orthop 371:206–215

2. Gurtler RA, Jacobs RR, Jacobs CR
(1986) Biomechanical evaluation of
the Ender’s pins, the Harris nail, and
the dynamic hip screw for the instable
intertrochanteric fracture. Clin Orthop
206:109–112

3. Pugh W (1955) A self-adjusting nail-
plate for fractures about the hip joint. J
Bone Joint Surg Am 37(5):1085–1093

4. Valverde JA, Alonso MG, Porro JG et
al (1998) Use of the Gamma nail in the
treatment of the fractures of the proxi-
mal femur). Clin Orthop 350:56–61

5. Baixauli F, Vincent V, Baixauli E et al
(1999) A reinforced rigid fixation
device for unstable intertrochanteric
fractures. Clin Orthop 361:205–215

6. Goodman SB, Bauer TW, Carter D et
al (1998) Norian SRS cement augmen-
tation in hip fracture treatment.
Laboratory and initial clinical results.
Clin Orthop 348:42–50

7. Green S, Moore T, Proano F (1987)
Bipolar prosthetic replacement for the
management of unstable
intertrochanteric hip fractures in the
elderly. Clin Orthop 224:169–177

8. Haentjens P, Casteleyn PP, De Boeck
H, Handelderg F, Opdecam P (1989)
Treatment of unstable intertrochanteric
and subtrochanteric fractures in elderly
patients. J Bone Joint Surg Am
71(8):1214–1225

9. Stern MB, Angerman A (1987)
Comminuted intertrochanteric fractures
treated with a Leinbach prothesis. Clin
Orthop 218:75–80

10. Baumgaertner MR, Curtin SL,
Lindskog DM (1998) Intramedullary
versus extramedullary fixation for the
treatment of intertrochanteric hip frac-
tures. Clin Orthop 348:87–94

11. Hardy DCR, Descamps PY, Krallis P
et al (1998) Use of an intramedullary
hip-screw compared with a compres-
sion hip-screw with a plate for
intertrochanteric femoral fractures. J
Bone Joint Surg Am 80(5):618–630

12. Kraemer WJ, Hearn TC, Powell JN,
Mahomed N (1996) Fixation of seg-
mental subtrochanteric fractures. A bio-
mechanical study. Clin Orthop
332:71–79

13. Kummer FJ, Olsson O, Pearlman CA
et al (1998) Intramedullary versus
extramedullary fixation of sub-
trochanteric fractures. A biomechanical
study. Acta Orthop Scand
69(6):580–584

14. Kyle RF, Wrigth TM (1980)
Biomechanical analysis of the sliding
characteristics of compression hip
screws. J Bone Joint Surg Am
62(8):1308–1314

15. Mahomed N, Harrington I, Kellam J et
al (1994) Biomechanical analysis of
the Gamma nail and sliding hip screw.
Clin Orthop 304:280–288

16. Kyle RF, Gustilo RB, Premer RF
(1979) Analysis of six hundred and
twenty-two intertrochanteric hip frac-
tures. J Bone Joint Surg Am
61(2):216–221

References



156

17. – (1993) American Society of
Anesthesiologists. New classification
of physical status. Anesthesiology
24:111–114

18. Parker MJ, Palmer CR (1993) A new
mobility score for predicting mortality
after hip fracture. J Bone Joint Surg Br
75(5):797–798

19. Bridle SH, Patel AD, Bircher M,
Calvert PT (1991) Fixation of
intertrochanteric fractures of the femur.
A randomised prospective comparison
of the gamma nail and the dynamic hip
screw. J Bone Joint Surg Br
73(2):330–334

20. Leung KS, So WS, Shen WY, Hui PW
(1992) Gamma nails and dynamic hip
screws for peritrochanteric fractures. A
randomised prospective study in elder-
ly patients. J Bone Joint Surg Br
74(3):345–351

21. Parker MJ, Handoll HH (2000)
Gamma and other cephalocondylic
intramedullary nails versus
extramedullary implants for extracap-
sular hip fractures. Cochrane Database
Syst Rev 2: CD000093

22. Rantanen J, Aro HT (1998)
Intramedullary fixation of high sub-
trochanteric femoral fractures: a study
comparing two implant designs, the
Gamma nail and the intramedullary hip
screw. J Orthop Trauma 12(4):249–252

23. Bogoch ER, Ouellette G, Hastings DE
(1993) Intertrochanteric fractures of
the femur in rheumatoid arthritis
patients. Clin Orthop 294:181–186

24. Rosenblum SF, Zuckerman JD,
Kummer FJ, Tam BS (1992) A biome-
chanical evaluation of the Gamma nail.
J Bone Joint Surg Br 74(3):352–357

25. Loch DA, Kyle RF, Bechtold JE et al
(1998) Forces required to initiate slid-
ing in second-generation
intramedullary nails. J Bone Joint Surg
Am 80(11):1626–1631

26. Shani V, Sureen S, Shetty V (2001)
Who is responsible for failure of
dynamic hip screw by cutout, the
patient or the surgeon? In: Proceedings
of the 68th Annual Meeting of AAOS
2:385


	Introduction
	Materials and methods
	Results
	Discussion
	References

